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The  two  previous  communications  in  this  series  (1,  2)  described  marked 
differences in the dose of poliovirus antigen needed for inducing the formation 
of high and low molecular weight antibodies.  It was also reported (1, 2)  that 
19S antibody formation was transient with a short retention of "immunological 
memory." A  similar observation was recently reported by Uhr and Finkelstein 
(3) working with bacteriophage SX 174. Finally, it was found that lasting anti- 
body formation to poliovirus was an all-or-none phenomenon depending upon 
whether or not 7S antibody formation was induced (1, 2). 
The present report extends these earlier studies of the differences in antigen 
dependence,  kinetics  and  anamnesis  (immunological memory) of  19S  and  7S 
type antibody responses to poliovirus. Also, studies have been carried out on 
the formation of these antibodies by newborn rabbits and by rabbits exposed to 
ionizing radiation prior to immunization. 
Materials and Methods 
Virua.--Methods for growth of Helm cell monolayers  and techniques of preparation  and 
assay of poliovirus  have been described (4). The Blamhilde  strain (type 1) of poliomyelitis  virus 
(PV) and Coxsackie  B-41 virus were used. The viruses were cloned and grown on HeLa cell 
monoLayers. Prior to storage at --70" or --15°C stock virus was partly purified and concen- 
trated by differential centrifugation. 
Immunization Procedure, Assay of Neutralizing Antibody, Density Gradient Ultracenteifuga. 
tion, Reduction of Serum Macroglobulins by Mercaptans, Protdn Determination.--These meth- 
ods were the same as described in the previous paper (2). In velocity density gradient cen- 
trifugation, serial fractions, collected through a hole on the bottom of the tube, usually showed 
some antibody in the last few fractions. However, when samples were collected instead by 
siphoning fractions from the top of the sucrose column, no such "floating" antibody was ob- 
served. 
* This investigation was supported in part by research grant E-4360 from the National 
Institute of Allergy and Infectious Diseases, United States Public Health Service. 
1 Kindly supplied by Dr. John Fox. 
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X-4rradiation.--Whole body x-irradiation was  administered to rabbits by a 250 kv West- 
inghouse maxitron. 2 The animals were irradiated bilaterally at a distance of 100 cm from the 
tube. With the machine operating at 250 kv and 15 ma and using a filter of 0.5 mm copper 
and 1.0 mm aluminium,  it delivered 28 roentgens in air per minute. 
Preparation of Agar Diffusion Plates.--The agar base consisted of 0.88 per cent Noble agar 
(Difco Laboratories, Inc., Detroit), 0.85 per cent NaC1 and 0.01 per cent merthiolate (Eli 
Lilly & Co., Indianapolis) in 0.02 M phosphate buffer (pH 7.2). Eighteen ml melted agar base 
was allowed to solidify in 8.5 cm Petri dishes (Falcon Plastics, Los Angeles), and the plates 
refrigerated  for 1 week. Wells were  cut with a  template with 4  peripheral wells equidistant 
to each other and 9 mm from the central well. The reagents were added and the plates placed 
in a humidified desiccator at room temperature for 4 days. Following the appearence of lines 
of precipitation the plates were washed, first  with 0.85 per cent saline to remove unprecipita- 
ted protein, then with distilled water, dried, and finally stained with amidoblack 10 B. Oc- 
casionally photographs were taken of precipitin lines in unstained plates. 
RESULTS 
Characteristics  of the Antibody  Response  to Each of Several  Deferred  Stimuli 
with a Low Dose of Antigen.--It was shown in the preceding reports (1, 2) that 
a low dose of antigen (i.e.  10 6.5 PFU) stimulates a  transitory appearance of 19S 
antibody. Within 4  to 5 weeks after administration of the antigen, the amount 
of circulating antibody has subsided to  the preimmunization level. This first 
response was compared with that which followed a  subsequent equal stimula- 
tion of the same rabbit. Each antibody response can be characterized by: (a) 
induction period;  (b)  rate of increase in synthesis;  (c)  duration of synthesis; 
(d) maximum level of antibody attained; and (e) type of antibody (i.e.  19S, 7S 
or both) produced. 
Four rabbits received 2 ml of 106"s PFU of virus by intravenous injection and sera were 
collected at intervals over a period of 90 days. At this time 2 of the animals were given a sec- 
ond dose of 106'5 PFU and sera were collected periodically  until an additional 400 days had 
elapsed. A third equal antigen dose was administered at this time and, as before, sera were 
collected. Each sample of serum was assayed for neutralizing activity before and after treat- 
ment with 2-meraaptoethanol  (0.2 M) in order to identify the type of antibody. In several 
instances sera were also fractionated by zonal density centrifugation  to identify the type of 
antibody by a second independent technique. 
The results are shown in Fig. 1. There was appearance of antibody as early as 
1 day after each injection of antigen. The rate of increase in antibody titer was 
0.70, 0.75, and 0.85 lOgl0 units per day respectively. In all instances, antibody 
synthesis ceased abruptly on about the 4th day and titers declined thereafter at 
a rate consistent with the known rate of 19S antibody decay. There was a small 
increase (2 to 3-fold) in the maximum titers attained after each reimmunization. 
Of particular interest was the observation that throughout each of the responses 
only 19S (mercaptoethanol-sensitive) antibody was found. Zonal density centrif- 
2 Irradiation was done  at The Medical, Department, Brookhaven National  Laboratory, 
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ugation of sera obtained after the third  stimulation confirmed  the presence of 
only 19S antibody. Similar results were obtained in another experiment (3 rab- 
bits) in which only two low doses of antigen were adm;n;stered. 
In the above experiments a relatively long period of time intervened between 
the decline  of antibody and restimulation.  In another  experiment  (Fig.  2) 3 
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FIG. 1.  Transitory 19S antibody responses to repeated intravenous a4m;n;~tration of a low 
dose of poliovirus. The first peak represents geometric mean titers from the neutralizing anti- 
body responses of 4 rabbits; the second and the third peaks from that of 2 rabbits. 
* Serum antibody rise in Iogl0/day. 
rabbits were restimulated with a low antigen dose shortly after the subsidence 
of antibody. These results are in complete agreement with those of the first ex- 
periments, namely, that in 19S antibody formation, induced by a low dose of 
antigen,  there is very little  retention  of "immunological memory" after  the 
antibody level has subsided. 
Characteristics of the Secondary Antibody  Response to a Low Dose of Antigen 
Administered  Just after Cessation of the Primary Response.--In  the previous 
experiments, restimulation of rabbits resulted in a 19S antibody response which 
very nearly duplicated the primary response.  This indicated that in 19S anti- 24  POLIOVIRuS-NEUTRALIZING  ANTIBODY.  II 
body formation,  there  was  either  a  very short-lasting  or  no  immunological 
memory. If loss of memory resulted from the death of the cells involved (directly 
or indirectly) in antibody formation this might also explain the discontinuation 
of 19S synthesis on days 4 and 5. Therefore it was of interest to examine the re- 
sponse to a second stimulus administered just after synthesis had stopped, when 
antibody titers were still at near peak levels. 
Nine rabbits received 10  6'9 PFU and sera were collected for several days. On the 6th day the 
rabbits were grouped and treated as follows: (a) received a second equal stimulus of the same 
antigen; (b) received a similar dose of an unrelated antigen, Coxsackie  B-4 virus; (c) received 
no second stimulus. 
s  total  Ab  * 
•  ',,~acay  rate  T  "~  zonal  * 
: 2 x 10  6 PFU 
J~  \  of  19S  Ab  J  \  centrlfugotion 
0  I0  30  40  50 
o  i o  20  3o 
DAYS  POST I NOCULATION 
FIG. 2. Transitory  19S  antibody responses to repeated intravenous administration of a 
low dose of poliovirus  antigen. The curve represents geometric mean titers from the neutraliz- 
ing antibody responses of 3 rabbits. 
• Serum antibody rise in logl0/day. 
As shown in Fig.  3, groups b and c continued  to show the usual decline in 
serum antibody. Group a however showed a very marked rise in antibody level. 
This second response resembled the first in that the rate of increase in antibody 
concentration was the same (possibly slightly higher) and the period of increase 
in synthesis was about 4 days. Treatment with 2-mercaptoethanol (0.2 5) in- 
activated 99 per cent of the antibody in the second response and as no 7S anti- 
body was recovered when sera were fractionated by centrifugation in sucrose 
gradients the nature of the 1 per cent of antibody that resisted inactivation by 
the mercaptan could not be identified. However, when the reduction of antibody 
by mercaptoethanol  was  followed  by alkylation  (0.02  ~  iodoacetic  acid),  a 
further 10-fold decrease in activity was obtained (Fig. 3). This indicates that 
some of the inactivated 19S antibody undergoes repolymerization upon removal 
of mercaptoethanol and that this restoration, reformation of disulfide bonds by 
oxidation, is prevented by alkylation of the depolymerized fragments. Storage 
for 3 weeks at neutral pH and 4°C resulted in no further restoration of activity 
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Thus in spite of quite high concentrations of antibody the secondary response 
appeared to consist solely of 19S antibody. This is not so surprising since the 
sum of the two antigen doses was less than the dose needed for induction of 7S 
antibody  formation when a single dose was used (2). The magnitude of the second- 
ary antibody response strongly suggested that cells, or progeny of cells, responsi- 
ble for the primary response also participated in this secondary response. Had a 
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Fzo. 3.  Effect of early restimulation with a low dose of viral antigen on transient 19S anti- 
body formation to poliovirus. On day 6 after intravenous injection of a small pliovirus dose, 
9 rabbits were grouped and treated as follows:  A, given a second equal stimulus of poliovirus; 
O, given a nlmilar dose of Coxsackie B-4 vires; O, given no second stimulus. Serum samples 
were assayed for neutralizing antibody in untreated form,  AOO,  after reduction with 2- 
mercaptoethanol, I,  and after reduction and subsequent alkylation with iodoacetic acid, ['1. 
In a few instances the sera were fractionated by the zonal centrifugation technique, A. 
vir~n "unprhned" cell population been responsible for the second response an 
average 4-fold rise in antibody titers would have been expected,--instead a 200- 
fold increase was observed. 
These results indicated that in 19S antibody formation there is a short-lasting 
memory, which however, when demonstrable, is of the same magnitude as found 
with 7S antibody formation (as will be shown below). It was also evident that 
the sudden cessation of 19S antibody synthesis on days 4 and 5 was not due to a 
loss of viable antibody-producing cells, but most probably to insufficient anti- 
genic stimulus. 
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Synthesis.--Restimulation  of rabbits with low  doses of antigen  either in  the 
presence or absence of preinduced antibody (19S), resulted in renewed produc- 
tion of 19S antibody exclusively. It was of interest to determine whether  the 
preexistence of 7S antibody formation would interfere with the induction and 
synthesis of 19S antibody. This was examined by restimulation with a high dose 
of antigen at a  time when 19S antibody'formation had ceased whereas 7S anti- 
body was still being produced. 
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FIG. 4. Effect of preestablished 7S antibody formation on the renewal of 19S antibody 
synthesis. Two rabbits were reinjected intravenously with the same high dose of poliovirus 40 
days after the first stimulus. Determinations of 19S antibody were made following the treat- 
ment of sera with mercaptan as well as after isolation of this antibody by zonal centrifugation. 
Four rabbits received one injection of 108.9 PFU and a second equal injection40 days later. 
Sera were collected periodically and tested before (4 animals) and after treatment  with  2- 
mercaptoethanol and/or density gradient fractionation (2 animals). The latter fractionation 
procedure is necessary  for the detection of 19S antibody in the presence of appreciable amounts 
of 7S antibody. 
For the first 40 days (Fig. 4) the changes in  19S and 7S antibody titers were 
similar to those previously described  (2). Notice that  19S  antibody synthesis 
did not cease on days 4 and 5, but continued during the 2nd week, when this 
high antigen dose was used. By the 35th day 19S antibody had declined to 1 to 
2 per cent of the I9S peak titer and 7S had attained a maximum level. 
Following  the  second  injection  on  the  40th  day,  19S  antibody  increased 
rapidly for about 4 to 5 days then leveled off. Because of the high background 
of 7S antibody this renewed 19S formation was demonstrable only by the zonal 
centrifugation technique.  7S antibody increased about 200-fold to a  new con- 
stant level. These secondary responses, both 19S and 7S, were similar in induc- 
tion periods (possibly slightly shorter in 7S formation), rates of increase in syn- SVEN-ERIC  SVEHAG  AND  BENJAMIN  MANDEL  27 
thesis, and duration of synthesis, to the respective primary responses. Thus, the 
preexistence of 7S antibody synthesis did not detectably alter the characteris- 
tics of the secondary 19S response. 
Again, as when low antigen doses were used (Fig. 2), no memory was observed 
in 19S antibody formation 30 to 40 days following the primary antigenic stimu- 
lus. In contrast, 7S antibody formation demonstrated a potent ananmestic re- 
sponse in respect to the increase in level of circulating  antibody. 
Effect of Route of Inoculation on Formation of 19S and 7S Type Antibodies.-- 
Since previous results were obtained by intravenous administration of antigen 
the possibility that the route of inoculation might affect the results was con- 
sidered. 
Rabbits were injected either  intraperitoneally  (4 animals)  or in  the hind 
foot-pad (2 animals) with 10*.9 PFU of virus and sera were collected periodically. 
Analysis of 19S and 7S antibody formation as a function of time after inocula- 
tion showed that in all essential features the responses duplicated the responses 
obtained by intravenous administration of a similar high dose of antigen. 
Formation of 19S and 7S Type Antibodies in Baby Rabbits.--Human infants 
were reported to form only 19S type antibody to typhoid H antigens (5) while 
baby rabbits produced both 19S and 7S antibody to Salmonella flagellar  anti- 
gens (6). It was determined whether baby rabbits were capable of forming both 
molecular types of antibody to PV. 
Twelve baby rabbits, less than 20 hours of age, were inoculated intraperitoneally  with l0  s'° 
PFU of virus. The does were bled when the babies were immunized. Only litters from does 
whose sera contained no demonstrable PV-neutralizing antibody, were used in the study. At- 
tempts to collect sera periodically from the babies were only partly successful due to the high 
attrition rate associated with serial heart bleedings. 
Most babies showed viremia up to day 5 (Table I) which interfered with a 
direct test for serum antibody. Although limited, the results demonstrated that 
the baby rabbits formed both 19S and 7S antibody following injection on the 
1st  day  of  life  with  a  single  fairly  high  virus  dose.  The  magnitude  of 
the responses was however considerably less than that obtained in adult rabbits 
by a similar  antigen dose. 
Effect of Prior Whole Body X-Irradiation on the Formation of 19S and 7S Type 
Antibodies.--The kinetics of the formation of the two molecular types of anti- 
body was studied in rabbits injected intravenously with I08.9 PFU of virus with 
or without prior (20 hours) whole body x-irradiation. 
The results are shown in Fig. 5.  Antibody responses  in irradiated  animals 
differed  both  quantitatively  and  qualitatively  from  those  in  tmirradiated 
rabbits.  Antibody formation  in  irradiated  rabbits  was characterized  by: (a) 
a delay in 19S antibody formation of about 4 days (600 r) and 7 days (650 r); 28  POLIOVIRUS-NEUTRALIZING  ANTIBODY.  II 
(b) reduction of peak 19S antibody levels to about ~0  of that in unirradiated 
animals; (c) persisting 19S antibody titers; and (d) virtually complete inhibition 
of 7S antibody synthesis over a period of 2~ months after antigenic stimulus. 
In x-irradiated rabbits 19S antibody did not, as in unirradiated rabbits, start 
to  decline 2  weeks  after antigenic stimulus  but remained at  fairly constant 
levels for 1~,~ to 2 months. However, 19S antibody formation could have ceased 
2 weeks after immunization also in irradiated animals if one assumes that no 
decay of antibody occurred in these animals. But, the results are more likely 
TABLE  I 
Formation of Poliovirua-Neutralizing Antibody by Baby Rabbits Injected Intrapcritoneally 
with I0  s.° PFU of Pol~ovirus within 20 Hours after Birth 
No. of animals 
4 
Days after injection 
34 
Viremia 
+ 
+ 
+ 
+ 
+ 
+ 
m 
Neutralizing units (logl 0) 
19S Ab  7S Ab 
N.D.*  N.D. 
N.D.  N.D. 
N.D.  N.D. 
N.D.  N.D. 
N.D.  N.D. 
N.D.  N.D. 
0.7  <0.7 
0.9  <0.7 
1.6  2.0 
1.7  1.9 
1.3  2.2 
0.7  3.6 
*Not done. 
due to a  reduction in number of reticuloendothelial cells engaged in antigen 
clearance resulting in a  retention of antigen at a  concentration necessary for 
maintained 19S formation. Support for this idea was obtained when clearance 
rates for antigen were determined in 8 rabbits, 3 of which had received whole 
body x-irradiation (650 r) 20 hours prior to immunization (108"° PFU). In non- 
irradiated animals  the virus content per milliliter plasma dropped to  < 10  °'7 
PFU within 20 to 36 hours while in irradiated animals a similar decline was ob- 
served first after about 5 days. The markedly sustained 19S antibody formation 
in irradiated animals was likely due to this delayed antigen clearance. This is 
also in agreement with earlier results suggesting that the cessation of 19S anti- 
body formation in non-irradiated rabbits was due to lack of continuing antigenic 
stimulus.  Such results were: (a) the marked effect of early restimulation with SVEN-ERIC SVEHAG AND BENJAMIN MANDEL  29 
antigen (Fig. 3) and (b) the slightly prolonged 19S antibody synthesis following 
the administration of a high antigen dose (Fig. 4). 
Formation of 19S and 7,_7 Type Antibodies  in Man Following Poliomyditis.-- 
Limited studies  on the characteristics  of antibody production in guinea pigs 
indicated that rabbits and guinea pigs showed the same basic behavior. A fur- 
ther attempt to establish  the generality of the characteristics  of 19S and 7S 
antibody formation, as exemplified by the rabbit, was made by a study of 9 
sera from humans with positively diagnosed type 1 poliomyelitis. The patients 
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Fro. 5.  Effect of prior whole body x-irradiation on the formation of 19S and 7S poliovirus- 
neutralizing antibodies. Rabbits were injected intravenously with 108"9 PFU of virus with or 
without x-irradiation 20 hours prior to the injection. The curves for 0, 600, and 650 r represent 
mean antibody titers from the responses of 4, 3, and 3 animals respectively. Sera were frac- 
donated by zonal density gradient centrifugation to identify the molecular type of antibody 
formed. 
ranged from 3  to 60 years in age and none of them had received poliovirus 
vaccine. These sera and appropriate data were kindly supplied by Dr. Albert 
Sabin. 
The sera were assayed by zonal centrifugation for their 19S and 7S antibody 
content with the results shown in Fig. 6. Although the data are limited it can 
be seen that there is a preponderance  of 19S antibody 1 to 2 weeks after onset of 
disease and that this antibody shows a tendency to decrease while 7S antibody 
increases as the period after infection lengthens  (3~ to 4~ weeks). No differ- 
ence, in respect  to 19S and 7S antibody, was observed between sera from pa- 
tients with paralytic disease or aseptic meningitis syndrome. 
In a second limited study on the production of antibody to PV in man, sera 
were kindly provided by Dr. John Fox and Dr.  Felix  Wassermann.  The sera 30  POLIOVIRUS-NEUTRALIZING ANTIBODY. II 
were collected from a  2~-year-old boy before and after his first  vaccination 
with 10  ~'5 PFU of live, attenuated virus (type 1). Again as shown in  Table II, 
19S antibody preceded 7S antibody on the 8th day. The boy was still excreting 
vaccine virus on the 16th day but not on the 45th day following vaccination. 
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FIG. 6.  Distribution of 19S and 7S type poliovirus-neutralizing antibody titers in 9 human 
sera from patients with positively diagnosed type 1 poliomyelitis. Sera were fractionated by 
zonal density gradient centrifugation to identify the molecular type of antibody formed. 
TABLE II 
Formation of 19S and 7S Type Poliovirus-Neutralizing Antibody Following Vaccination 
with Live Attenuated Virus 
Days after vaccination* 
0 
8 
21 
54 
Neutralizing units (log10) 
19S Ab  7S Ab 
<0.5 
0.7-0.8 
2.0 
2.4 
<0.5 
<0.5 
2.2 
2.8 
* 10  7.5 PFU of, type 1, oral poliovirus vaccine. 
The data suggest that there is a prolonged period of 19S antibody formation 
following the use of live virus vaccine, which is compatible with the proposal 
made earlier that the persistence of the antigen is an absolute requirement for 
continued 19S antibody synthesis. 
The Reaction between the Two Molecular Types of Antibody and Poliovirus as 
Studied by the Technique of Double Diffusion in A gar.--Although it has been re- 
ported (7)  that neutralizing antibody can be obtained only to one of the two SVEN-EEIC  SVEItAG  AND  BENJAMIN  MANDEL  31 
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known PV antigens, the N  antigen, the possibility that 19S and 7S antibodies 
are produced against  two different antigenic virus components must  be con- 
sidered. Consequently, the reaction between the two types of antibody and PV 
was studied by the Ouchterlony technique of double diffusion in agar (8), em- 
ploying whole serum as well as  19S and 7S antibody isolated by zonal ultra- 
centrifugation. Only antibody prepared against native PV was used. 
As shown in Fig. 7 a and b, the 19S antibody reacted with native PV (mainly 
N antigen) to produce a single line of precipitation which fused, without visible 
spurs, with one of the two or three lines observed with N  antigen plus 7S anti- 
body. These latter  additional  one or  two lines were no longer  demonstrable 
following the repeated absorption of 7S antibody samples with HeLa cell debris 
(Fig. 7 a to d). Such treatment did not reduce the PV-neutralizing activity of the 
samples.  When  HeLa cell debris  was  added  to  earlier absorbed  7S  antibody 
(Fig.  7 c and d)  HeLa antigens  and cellular antibody,  in non-absorbed sera, 
formed a new line of precipitation. This new line crossed the single line obtained 
with the native PV preparation and absorbed 7S antibody without visible fusion 
(Fig. 7 c) producing a reaction of non-identity. In contrast, the line formed by 
added HeLa antigens and cellular 7S antibody (Fig. 7 d) fused completely with 
the "7S antibody line" which could be removed by absorption with HeLa cell 
debris. In rare instances a second faint line of precipitation was obtained also 
with  19S antibody; the antibody responsible for this line could be removed by 
absorption with HeLa cell debris. 
One  well  (C)  in  Fig.  7 a  and d  contained a  preparation of predominantly 
nucleic acid free poliovirus particles, obtained by equilibrium density gradient 
centrifugation? This  preparation,  which  should  consist mostly of  C  antigen 
(9,  10),  failed  to produce visible lines of precipitation with  antibody to  the 
native virus (predominantly N  antigen). 
DISCUSSION 
The characteristics of the secondary 19S and  7S antibody responses to PV 
were similar  to their respective primary responses. Thus,  the lag phase in 7S 
antibody formation was insignificantly (or very slightly) reduced by repeated 
antigenic stimuli and the preexistence of 7S antibody synthesis did not alter the 
characteristics of the secondary 19S response. Only in one respect, did the sec- 
ondary 19S and 7S responses differ distinctly when compared with their respec- 
tive  primary  responses;  the  difference  being  that  no  memory  was  ob- 
served in  19S formation while a potent anamnestic  7S antibody response was 
obtained. Due to the high background of 7S antibody the appearance of 19S 
antibody in secondary responses was demonstrable only by zonal centrifugation 
technique and not by treatment of sera with mercaptan. This may explain why 
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other investigators (11, 12), employing mercaptan treatment, failed to observe 
renewed 19S formation in secondary responses. 
Bauer, Mathies, and Stavitsky (13) recently reported that the lag phase in 7S 
antibody formation was greatly reduced in secondary responses in the rabbit to 
diphtheria  toxoid, more so than in 19S antibody formation. This was not ob- 
served in the present study and no immediate explanation is available for the 
discrepancy. However, the lag phases in primary 19S and 7S responses  to PV 
(19S preceding 7S antibody formation in accordance with Bauer, Mathies, and 
Stavitsky's criterion of a primary response)  are considerably shorter than those 
reported by these authors. A slight reduction (~ day or so) of the lag phase in 
secondary 7S antibody formation to PV is possible. 
Uhr, Finkelstein,  and Baumann (12) described a longer latent period in total 
antibody formation following  a  second antigen  injection as compared to the 
primary response.  Since the antigen dose was small,  the prolonged lag period 
was considered due to serum antibody excess at the time of second stimulus. 
In the present study prolonged lag periods were observed also after a  second 
injection of high doses of PV, when total antibody was measured. The analysis 
of 19S and 7S antibody formation offered an explanation for such kinetic differ- 
ences.  The  early primary antibody rise represented  19S antibody.  Upon re- 
stimulation  the synthesis of 19S antibody, although promptly renewed, was 
not demonstrable when sera were assayed for total antibody because of the high 
background  of 7S antibody.  Thus,  while  in  the primary response  the short 
induction period in 19S antibody formation was observed, in the secondary, the 
longer lag phase in 7S antibody formation was observed. 
Various  theories  have  been presented  (14-17)  to  account for  the greater 
potency of secondary antibody responses.  However, the demonstration  of a 
short-lasting  "immunological memory"  in 19S antibody formation to PV (1) 
and recently also to bacteriophage ~X 174 (3) indicate that primary and sec- 
ondary antibody responses  owe their  distinguishing  features  to  7S antibody 
formation alone.  It was reported (1, 2) that transient macroglobul/n antibody 
responses,  could be induced by repeated stimuli with a small PV dose, and that 
each new response was nearly a replica of the preceding response(s).  Thus, no 
immunological memory was demonstrable in 19S antibody formation whether 
the time intervening between antibody decline in the preceding response and 
restimulation with a low antigen dose was nil or I year. The absence of demon- 
strable memory was not due to insufficient booster stimulus since similar results 
were obtained when a high antigen dose was used as a booster. Only when re- 
stimulation with antigen occurred within a couple of days following the cessa- 
tion of 19S antibody synthesis were anamnestic  19S responses  observed. The 
long duration of 7S antibody synthesis made it impractical to test whether 7S 
antibody formation would exhibit an anamnestic response at a time when also 
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known to remain after the primary response has faded out and circulating  anti- 
body no longer is demonstrable (18-20). The present results indicate that only in 
7S antibody formation could such a long-lasting  "hyperreactive state" exist. 
It has been suggested that the size of the sensitizing dose may determine the 
duration of the hyperreactive state (21) or the "booster effect" (22). Since the 
present data have shown that a small sensitizing dose induces only 19S antibody 
formation, which lacks enduring memory, they offer an explanation for such 
findings as well as for the difference observed between primary and secondary 
PV dose--antibody response  curves  (21).  At lower antigen  doses the curves 
should be almost identical (only 19S antibody formed) while a divergence is to 
be expected at higher  doses of antigen  (both 19S and 7S antibody produced) 
due to the anamnesis in 7S formation. 
Whether anamnesis is associated with a  genetically preinvested or built in 
(by antigenic interaction) cellular memory or a trapping mechanism employing 
antigen accumulase (15, 16) the differences in the anamnestic state of 19S and 7S 
antibody responses  are best explained  on the assumption that  the two anti- 
bodies are produced by different cells. The medium-sized  lymphocyte observed 
in "secondary nodules" in the white pulp of the spleen (17,  23) could be re- 
sponsible for the memory in 7S antibody formation by serving as a readily in- 
ducible precursor cell. It would appear that a cell with a similar function does 
not exist in 19S antibody formation. 
This raises the question whether 19S and 7S antibodies are synthesized by the 
same cell. Due to the immunologic  cross-reactivity of the two antibodies the 
use of immunohistochemical  techniques  has not rendered  a  solution  of this 
problem possible. Several distinct differences, which bear on this question, have 
however been observed between the formation of 19S and 7S antibodies in the 
present system: 
I.  Difference in antigen dose requirement for induction:  It was previously ob- 
served (2) that the minimal antigen dose requirement for induction of 19S anti- 
body was at least 50 times less than that for 7S antibody. There are two likely 
explanations for the selective induction of 19S antibody formation by low anti- 
gen doses; either the cells forming this antibody can be induced by less antigen 
than is needed for induction of 7S antibody synthesis, or the antigen distribution 
is such that only 19S antibody-producing cells become stimulated.  The fact 
that 19S antibody preceded 7S antibody formation whether the route of virus 
inoculation was oral, intravenous, intraperitoneal or virus was injected into the 
hind foot-pad of rabbits makes the second explanation less probable. 
II.  Difference in antigen dose requirement for maintained  synthesis:  Several 
findings  in the present study indicated that the sudden cessation of antibody 
synthesis in transient  19S responses  was due to lack of continuing  antigenic 
stimulus:  (a)  the prompt renewal of antibody formation following  early re- 
stimulation with antigen, (b) prolonged antibody formation after stimulus with SVEN-ERIC  SVEHAG  AND  BENJAMIN  MANDEL  35 
a high virus dose, or (c) after whole body x-irradiation and (d) possibly after the 
use of live PV vaccine in man. Experiments in which organs from 19S antibody 
producing rabbits were cultured in vitro (24)  showed that  the  19S antibody 
formed in transitory antibody responses was mainly of splenic origin. The pro- 
liferation of a primitive reticular cell in the red pulp of the rat spleen has been 
observed to precede closely the formation of antibody (25), probably of the 19S 
type. Continued antigenic stimulus may be necessary to maintain the prolifera- 
tion of this cell which seems to be the precursor of subsequently appearing large 
pyroninophilic  antibody-producing  cells  (25).  7S  antibody formation  to  PV 
persists for 1 to 2 years in the absence of renewed stimulus (25). Consequently, 
if 7S as well as 19S antibody synthesis, is maintained only in the presence of 
antigen (by stimulating the proliferation of a precursor cell or/and maintaining 
"derepression")  the antigen  requirement for continued  7S synthesis must be 
much lower than that for continued 19S antibody synthesis. 
III.  Difference in kinetics  of formation: When both 19S and  7S antibodies 
were produced (high  antigen dose) the kinetics of their formation differed  in 
several respects: (a) the appearance of 19S antibody preceded 7S antibody by 
_> 11/~ days; (b) 19S antibody rose to peak titers at a  rapid exponential rate, 
within  1 week, while  7S antibody increased at a  slower and decelerating rate 
for >--3 weeks; (c) 19S antibody formation was short-lasting while 7S antibody 
synthesis endured. 
IV.  Difference in retention of immunological memory: This point of distinction 
was dealt with in the beginning  of the discussion. 
V.  Difference in sensitivity  to prior x-irradiation:  Whole body x-irradiation 
administered 20 hours prior to antigenic stimulus preferentially interfered with 
the induction of 7S antibody synthesis; a dose of 600 to 650 r causing virtually 
complete inhibition  of 7S antibody formation. A probable explanation is that a 
cell involved in an early step leading  to 7S antibody formation is highly radio- 
sensitive.  This  would imply  that  the same cell(s)  do not participate  in  the 
formation of the two types of antibody. 
These differences (I to V) make it unlikely that the two antibodies are formed 
by the same cell. However, if we still consider one cell type capable of forming 
both antibodies they are most likely synthesized along  different biochemical 
pathways, one requiring less antigen for derepression  (19S) than the other (7S). 
Different pathways  (or cells)  are also indicated by the different antigen  re- 
quirement for maintained synthesis, by the fact that established 7S formation 
does not interfere with a  renewed 19S synthesis and that the two antibodies 
are formed at independent rates.  Also  the sudden cessation of 19S antibody 
synthesis was reflected  by no change in  the rate  of 7S formation.  The pro- 
nounced differences  in kinetics  (assuming  the exponential phase of antibody 
formation to reflect cell proliferation), and anamnesis of the formation of the 
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x-irradiation,  furthermore indicate that the different pathways are located in 
different cells. 
It is well documented (23, 27, 28)  that 7S antibody synthesis is associated 
with plasma cells. However, human newborns have been reported to form 19S 
antibody in the apparent absence of such cells (5) and dysgammaglobulinemic 
children  with high serum  concentration of 19S "yl-globulins and deficit of 7S 
T-globulins had rare or no plasma cells in their tissues  (29). This strongly in- 
dicates that macroglobulins can be formed in the absence of plasma cells. 
Since 19S antibody formation to PV always preceded 7S formation the pos- 
sibility that cells synthesizing  19S antibody differentiated into cells producing 
7S antibody was considered. But the fact that (a) no 7S antibody was observed 
following potent transitory 19S  antibody responses, and (b)  the pronounced 
differences in the exponential phase of the formation of the two antibodies make 
this very unlikely. Nor do these findings support the idea that 7S antibody is 
produced in response to 19S antibody-PV complexes. 
Vaccination  of man with inactive PV in doses which only induce  19S anti- 
body formation is likely to produce  short-lasting  immunity (antibody titers 
and hyperreactive state). Of interest in this connection  is Sabin's  description 
(30) of striking drops in antibody levels in infants given up to 3 injections of 
inactivated PV vaccine  and other reports of weak  anamnestic responses  to 
inactivated PV, particularly in infants (31). The present results  also indicate 
that in antigenic  extinction limit titrations in small laboratory animals (21, 
32) estimations of PV vaccine potency have been based on its ability to induce 
formation of 19S antibody. Since enduring synthesis  and anamnesis were ob- 
served only in 7S antibody formation to PV and as the antigen requirement 
for induction of 7S antibody was much higher than for 19S antibody (1, 2) it 
may be preferable to base estimations of immunogenicity on the capacity of a 
vaccine to induce 7S antibody formation. 
The possibility that the two species of antibody are directed  against different 
antigenic  determinants on the PV particle must be considered.  In immuno- 
diffusion tests 19S and 7S antibodies reacted with native PV  (N antigen) to 
form a  single continuous  line  of precipitation.  However,  since one diffusible 
viral  unit may contain  two  different  antigenic  groupings,  such  results  are 
compatible  with, but do not prove that 19S and 7S antibody react with the 
same antigenic component of the virus. A definite answer to this question can 
be obtained only through an analysis  of the antigenic  structure of the viral 
capsomeres following the splitting of the viral protein coat by a mild non-de- 
naturating method. 
SUMMARY 
Transient 19S antibody formation was induced in rabbits by single or re- 
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that cessation of 19S synthesis was due to lack of continuous antigenic stimu- 
lation and not to loss of ceils participating in antibody formation. "Immuno- 
logical memory" in 19S antibody formation was demonstrable only within 2 to 3 
days following discontinuation of synthesis but not thereafter. 
Following stimulation with a high dose of poliovirus both 19S and 7S anti- 
bodies were formed. The kinetics of their formation differed in several respects: 
(a)  19S antibody preceded 7S antibody by >1~/~ days; (b) 19S antibody rose 
to peak titers at a rapid exponential rate within 1 week, while 7S antibody in- 
creased at a slow decelerating rate for >3 weeks; (c) 19S antibody formation 
was short-lasting  while  7S antibody synthesis endured.  A renewed formation 
of both antibodies occurred following restimulation with a high  antigen dose. 
The secondary 19S and  7S antibody responses were similar  to the respective 
primary responses,  and the preexistence of 7S antibody synthesis did not de- 
tectably alter the secondary 19S response. 
Both 19S and 7S antibodies were formed and the kinetics of their  formation 
was  similar  (a)  for  infectious  and  non-infectious  (UV-)  poliovirus  antigen; 
(b) for the serologically unrelated poliovirus and Coxsackie B4 virus; (c) when 
poliovirus was administered by different routes; (d)  when 1-day-old or adult 
rabbits  were immunized;  (e)  in  antibody responses  to  poliovirus  in  rabbit, 
guinea pig, and man. 
Whole body x-irradiation  20 hours prior  to antigenic  stimulus  (high  dose) 
resulted in delayed but markedly prolonged 19S antibody formation and in- 
hibition  of 7S antibody synthesis. 
Thus, the formation of 19S and 7S antibody differed in (a) antigen dose re- 
quirements for induction and maintained synthesis; (b) kinetics; (c) retention 
of memory; and (d) sensitivity to prior x-irradiation. These differences are best 
explained  on the assumption that the two antibodies are produced by different 
cells. 
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